Use of intra-operative trans-oesophageal echocardiography (TEE) is an independent risk factor for post-operative dysphagia. This study investigated whether modifying the TEE probe-placement protocol could reduce the incidence of post-operative dysphagia. In group I (n = 100), the TEE probe was inserted after anaesthetic induction and remained in place until the completion of surgery. In group II (n = 100), the TEE probe was inserted after anaesthetic induction, the heart was examined, then the probe was removed.
Introduction
Intra-operative trans-oesophageal echocardiography (TEE) is an invaluable tool for the management of patients and has been used widely in cardiac surgery in recent years. 1 − 7 TEE is a semi-invasive rather than a non-invasive tool and, even though the serious complication rate associated with TEE is very low, complications can involve the oropharyngeal, gastrointestinal, cardiovascular and respiratory systems, and can induce infection and injury (due to local effects of ultrasound waves on adjacent tissues). 8 − 12 Moreover, cardiac surgery patients may be at higher risk of TEE-related complications associated with general anaesthesia, use of cardiopulmonary bypass (CPB), unstable haemodynamic conditions, systemic hypothermia and long duration of TEE placement in the oesophagus. 11, 13 Some reports have noted an increase in the incidence of post-operative dysphagia with the increased use of TEE in cardiac surgery, and also that TEE was an independent risk Trans-oesophageal echocardiography and cardiac surgery factor for post-operative dysphagia in addition to age, diabetes mellitus (DM), stroke, impaired myocardial function, longer duration of intubation, tracheostomy and duration of surgery. 13 − 16 Dysphagia after cardiac surgery is a serious complication that can increase hospital costs, morbidity and mortality. 14, 15, 17 Thus, the correction of factors known to affect the development of dysphagia may be helpful in modifying patient outcomes. To date, no study has investigated whether modification of the intra-operative TEE protocol could affect the incidence of postoperative dysphagia.
The present prospective study examined whether shortening the length of time that the TEE probe remained in the patient's oesophagus would reduce the incidence of post-operative dysphagia in patients undergoing cardiac surgery.
Patients and methods

PATIENTS AND INCLUSION CRITERIA
This prospective, randomized study enrolled patients who underwent cardiac surgery and required intra-operative TEE to assess cardiac function at the Asan Medical Centre, Seoul, Republic of Korea, between April 2008 and October 2009. The exclusion criteria included contraindications for TEE use, emergency or repeat operations and a history of oesophageal disease or dysphagia. Patients were randomly assigned into two groups using a randomization plan generated from http://www.Randomization.com/. Each patient provided written informed consent, and the study was approved by the Institutional Review Board of Asan Medical Centre, Seoul, Republic of Korea (2008-0580).
ANAESTHESIA
Anaesthesia was induced using 0.2 mg/kg etomidate via bolus intravenous (i.v.) injection, followed by 0.8 mg/kg rocuronium i.v. to facilitate orotracheal intubation. A continuous i.v. infusion of remifentanil and propofol was established using a targetcontrolled infusion system (Orchestra Base Primea ® ; Fresenius Vial S.A.S., Brezins, France). Patients were then ventilated to normocapnia with 100% oxygen. During surgery, anaesthesia was maintained by continuous i.v. infusion of remifentanil and propofol, using a bispectral index monitor (BIS, A-2000; Aspect Medical Systems, Newton, MA, USA) to indicate hypnotic depth. BIS was maintained in the range of 40 -60 during anaesthesia.
PROBE-PLACEMENT PROCEDURE
After anaesthetic induction, a multiplane TEE probe (iE33 Ultrasound System ® ; Philips, Best, The Netherlands) was inserted and managed differently according to the assigned group. On no occasion was undue force used to insert the probe, or were more than five attempts made to insert the probe.
Had there been a failure to insert the TEE probe after five attempts by one anaesthesiologist, the study protocol indicated that another anaesthesiologist would then attempt to insert the TEE probe, and that such patients would be excluded from the analysis. The success or failure of TEE probe insertion was recorded. For group I patients, the TEE probe was inserted after anaesthetic induction and remained in place until the completion of surgery, at which point it was removed. For group II patients, the TEE probe was inserted after anaesthetic induction, the heart was examined, then the probe was immediately removed. The probe was inserted again before weaning from CPB and then immediately removed after examination. Thus, the probe was inserted once in group I J-H Chin, E-H Lee, D-K Choi et al. Trans-oesophageal echocardiography and cardiac surgery patients and twice in group II patients, and its duration in the oesophagus was longer in the former group.
POST-OPERATIVE EVALUATION AND FOLLOW-UP
Patients were followed-up until discharge, and medical records were reviewed to evaluate other TEE-related complications such as gastro-oesophageal injury, bleeding or perforation. A range of variables were recorded including: pre-operative ejection fraction (EF) according to transthoracic echocardiography; presence of DM or hypertension; previous history of stroke; duration of intubation; duration of CPB; duration of anaesthesia; length of time the TEE probe was in the oesophagus; lowest oesophageal temperature during CPB; and length of time between extubation and ingestion of the first normal (solid) meal after surgery.
On post-operative day 1, dysphagia intensity, defined as subjective painful swallowing of fluid or a soft diet, was assessed using a numerical rating scale (NRS) of 0 -10 (0, no pain; 10, unbearable pain). 18 The anaesthesiologist assessing the NRS was unaware of the patient's group assignment.
STATISTICAL ANALYSES
Based on a pilot study, a post-cardiac surgery dysphagia incidence rate of approximately 50% was anticipated. It was hypothesized that the modified TEE protocol would reduce this incidence by 50% to 25%, and a sample size of 89 patients per group would yield a power of 80% at a significance level of 0.05 to detect this difference. A 10% failure rate for assessing dysphagia on post-operative day 1 was assumed and it was concluded, therefore, that 100 patients per group would be sufficient for this study.
All values are expressed as mean ± SD, number and percentage, or median and interquartile range. Data manipulation and statistical analyses were carried out using the SPSS ® statistical package, version 12.0 (SPSS Inc., Chicago, IL, USA) for Windows ® .
Baseline and surgery characteristics, and the incidence of post-operative dysphagia, were compared using t-tests or Mann-Whitney rank sum tests for continuous variables and χ 2 or Fisher's exact tests for categorical variables, as appropriate. Univariate logistic regression analysis was used to determine whether certain variables could predict postoperative dysphagia. These predictor variables included sex, age, body mass index, presence of comorbid disease, preoperative EF, intra-operative characteristics, the length of time the TEE probe was in the oesophagus and the lowest oesophageal temperature during CPB. Initially, all predictor variables were assessed independently. Factors found to be predictors of post-operative dysphagia by univariate analysis and which had a P < 0.2 were then included in a multivariate logistic regression model, with backward elimination to determine their independent effects. Model discrimination was assessed with the c-statistic (c index = 0.615) and model calibration was assessed with the Hosmer-Lemeshow goodness-of-fit test (P = 0.556). The strength of association was expressed as an odds ratio (OR) with 95% confidence intervals (CI). A P-value < 0.05 was considered to be statistically significant.
Results
In total, 200 patients were recruited into the study and 100 patients were randomly assigned to each of the two groups. Of these, 181 patients were eligible for post-operative dysphagia evaluation; 10 group I and nine group II patients were excluded due to prolonged mechanical ventilatory support
J-H Chin, E-H Lee, D-K Choi et al.
Trans-oesophageal echocardiography and cardiac surgery beyond post-operative day 1, or reexploration for bleeding on the day of surgery or before the evaluation of dysphagia on post-operative day 1. There was no failure to insert the TEE probe within five attempts in any patient and there were no severe post-operative complications, such as pharyngeal perforation or oropharyngeal bleeding, after TEE that required supplemental treatment.
The two groups were similar in terms of age, gender ratio, weight and height, duration of intubation, duration of anaesthesia, duration of CPB and the interval from extubation to dysphagia assessment (Table 1 ). There were significant differences between groups I and II in the incidence of post-operative dysphagia (P = 0.003), the length of time the TEE probe was in the oesophagus (P < 0.001) and the lowest oesophageal temperature during CPB (P = 0.006; Table 1 ).
There was no evidence of pulmonary aspiration in any patient during the postoperative period. The time between the extubation and ingestion of the first solid meal was, however, significantly shorter in group II compared with group I (P = 0.01; Group I, TEE probe inserted after anaesthetic induction and removed on surgery completion; group II, TEE probe inserted twice during surgery, the heart was examined and the probe was immediately removed. IQR, interquartile range; CPB, cardiopulmonary bypass; LET, lowest oesophageal temperature; POD, postoperative day; NS, not statistically significant (P > 0.05).
Group
TABLE 1:
Demographic and surgical characteristics, and incidence of dysphagia, in patients who underwent cardiac surgery with intra-operative trans-oesophageal echocardiography (TEE) to assess cardiac function Trans-oesophageal echocardiography and cardiac surgery Table 1 ). While it appeared that more group I than group II patients could not eat a normal solid meal until discharge (i.e. beyond post-operative day 10), this difference was not statistically significant ( Table 1) .
The incidence of dysphagia in subgroups within each group was examined. Factors that appeared not to influence the incidence of dysphagia included the patient's gender, the presence of DM, hypertension or stroke, and whether patients had an EF < 30% or ≥ 30% (Table 2) .
Univariate regression analysis showed that the lowest oesophageal temperature in group I was not associated with dysphagia (OR 0.93, 95% CI 0.85 -1.02, P = 0.128). Univariate and multivariate regression analyses showed that the length of time that the TEE probe was in the oesophagus was a significant independent predictor of postoperative dysphagia (P = 0.01; Table 3 ).
There were significantly more patients without dysphagia in group II compared with group I (P = 0.003) and significantly fewer patients reporting a score of 1 − 3 on the NRS in group II compared with group I (P = 0.02; Table 4) .
Discussion
The present study demonstrated that modifying the TEE protocol to reduce the length of time that the TEE probe was in the oesophagus resulted in a lower rate of postoperative dysphagia in cardiac patients, and that the length of time the TEE probe remained in the oesophagus was an independent risk factor for post-operative dysphagia.
The known causes of dysphagia after TEE are tissue ischaemia and necrosis, due to excessive or prolonged pressure at the TEE probe-mucosal interface and impaired mucosal blood supply during CPB. 9,11,19 − 22 A wide range of probe-tip motion and thermal injury produced by piezoelectric crystal vibration also contribute to dysphagia development. 9, 20 The incidence of TEE-related dysphagia observed in the present study was higher than that reported in other studies. 9, 13, 16 One explanation may be that previous studies have been in Western patient populations, 9, 13, 16 whereas the present study involved Asian patients. The tongue and oropharyngeal structures may be smaller in Asian people and, as such, the probe would be relatively larger. There is a report that the incidence of dysphagia in children is higher than in adults and that age < 3 years is an independent risk factor for TEE-related dysphagia; 16 the relative size of the TEE probe has been suggested as a possible explanation. 9, 16, 23 An alternative explanation is that the occurrence of a subjective symptom, dysphagia, was specifically evaluated in the present study. A study by Na et al. 23 reported a much higher incidence (32.5%) of odynophagia than other previous studies (0.1 -18%).
9,13,16 Na et al., 23 defined odynophagia as any discomfort in swallowing saliva after TEE insertion, which is similar to the definition of subjective painful swallowing used in the present study. We believe that evaluation of subjective symptoms is important because some patients with dysphagia have difficulty swallowing food or water, which can result in nutritional deficiency and delay recovery, even though these patients show no abnormalities on objective measurements, such as barium cineradiography or gastroendoscopy.
The TEE probe was inserted and withdrawn twice in group II patients, and there was a concern that this may increase the risk of severe complications such as bleeding from the oesophagus or Group I, TEE probe inserted after anaesthetic induction and removed on surgery completion; group II, TEE probe inserted twice during surgery, the heart was examined and the probe was immediately removed. NS, not statistically significant (P > 0.05). 
J-H Chin, E-H Lee, D-K Choi et al. Trans-oesophageal echocardiography and cardiac surgery
oropharynx, particularly as the TEE probe was re-inserted before weaning from CPB while the patients were fully heparinized. Despite such concerns, no patients experienced these complications, suggesting that the insertion of the TEE probe during CPB can be safely performed by an experienced anaesthesiologist.
There were some limitations to the present study. First, stratified randomization according to the surgeon and the type of surgery was not used. This study included coronary artery bypass graft surgery and valve surgery performed by four surgeons who set the lowest temperature during CPB while unaware of the study protocol. That the two groups differed significantly in terms of the lowest oesophageal temperature suggested that there was a flaw in the protocol, and the study should have been designed to control for this variable. In univariate regression analysis, however, the lowest oesophageal temperature was not found to be associated with dysphagia in group I. Thus, this difference between the two groups was unlikely to have a major bearing on the findings. Secondly, the study had no control group. We believe, however, that the findings remain valid, since TEE is a known independent risk factor for dysphagia 13,14 and the study aimed to identify factors associated with TEE use that affect dysphagia.
In conclusion, the present study demonstrated that the length of time that the TEE probe was in the oesophagus was an independent predictor for post-operative dysphagia, and that the incidence of dysphagia could be reduced by modifying the method of TEE probe use. Other factors may contribute to the development of dysphagia and further studies are recommended.
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